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ABSTRACT
The current immunohistochemical study used the antibody against tyrosine hydroxylase (TH) to
observe the immunoreactive elements in the mouse pancreas. The results indicated the presence of
immunoreactive nerve fibers and endocrine cells. The immunopositive nerve fibers appeared as
thick and thin bundles; thick bundles were seen to run along the blood vessels giving out fine
fibers to the wall. Varicose nerve fibers were seen in the islets of Langerhans and also in close
association with the exocrine endpieces. The TH immunoreactive cells were oval-round in shape
and some showed the central non-staining area and the dense staining peripheral zone. More
than 80% of the islets of Langerhans contained the immunoreactive cells. Individual islet showed
between 3-10 immunopositive cells and a few contained 1-2 cells. The TH immunopositive cells
were widely distributed in the islets; they were seen in the centre, at the intermediate position
and at the periphery of the islets. The exact role of the TH immunoreactive cells in the islets of
Langerhans is not known. It is possible that they secrete tyrosine hydroxylase that may have some
paracrine influence to the endocrine cells. Wide distribution of these cells in the islets indicates
that they may regulate the entire population of the islets cells.
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INTRODUCTION
Tyrosine hydroxylase (TH) also known as
tyrosine 3-monooxygenase is an important
enzyme that is involved in the biosynthesis
of catecholamines. The enzyme catalyzes the
conversion of the amino acid L-tyrosine to
dihydroxyphenylalanine (DOPA), which is a
precursor for adrenaline and noradrenaline
(Levit et al. 1965, Fujita et al. 1988). The
TH imunoreactivity has been observed in
many tissues such as the adrenal glands,
pancreas, liver, intestines, stomach, heart,
brain, autonomic ganglia and pineal gland
(Teitelman et al. 1981; Sternini and Brecha,
1985; Goehler and Sternini, 1991; Oomori
et al., 1991, 1994, Zhang et a l . 1991,
Persson-Sjogren et al. 1998, Milner 2004),
and it is considered to regulate the blood
flow and secretory activities in these tissues.
The pancreas is a mixed gland with both the
endocrine and exocrine cells and its
interstitium contains the blood vessels,
ducts for the exocrine gland, the autonomic
nerve fibers and ganglion cells (Beckman
1866, Gesase and Satoh, 2006). TH
immunoreactivity in the pancreas has been
studied mainly in the mice, rats, cow,
guinea pigs and birds and the
immunopositive elements appeared to be the
nerve fibers, ganglion cells and endocrine
cells (Kirchgessner and Pintar 1991; Salkaji
et al. 1992, Persson-Sjogren et al. 1998).
However, there are differences in the staining
pattern among the animals that have been
studied. In the birds and cow the
immunoreactive elements appeared to be the
nerve fibers and ganglion cells (Kitamura et
al . 1999, Mensah-Brown et al. 2000,
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Mensah-Brown and Pallot 2000). In the rats
TH immunoreactivity was found to be in the
nerve fibers and the small intensely
fluorescence cells and not the ganglion cells
(Oomori et al. 1994, Kitamura et al. 1999).
TH immunoreactivity in mice has been
studied during development and there is
l i m i t e d  i n f o r m a t i o n  o n  TH
immunoreactivity in the adult mice. TH
immunopositive elements in mice during
development appeared to be in the nerve
fibers and some cells of the islets of
Langerhans (Teitelman et al. 1987,
Teitelman and Lee 1987, Hashimoto et al.
1988). But, little is known on the
distribution and location of the TH
immunoreactive cells among the endocrine
cells. To this end the antibody against
tyrosine hydroxylase was used to describe
the TH immunoreactive elements in the
adult mice pancreas.
MATERIALS AND METHODS
The study was carried out with twenty one
male mice (Balb/c, about 39g body weight).
The animals received commercial food and
water and were kept under constant
conditions in animal house at Muhimbili
University College of Health Sciences.
The animals were anaesthetized with ether,
thoracotomized, and then perfused via the
left cardiac ventricle with 30 ml of
physiological saline followed by 50 ml of
phosphate-buffered saline (PBS; 0.1 M, pH
7.4) containing 4% paraformaldehyde at 4"
C. The pancreas was removed and cut into
small pieces and stored in the same fixative
at a temperature of 4" C for 2 h. After
rinsing with PBS, the specimens were left
overnight in PBS containing 30% sucrose at
4" C. The pancreatic tissue were frozen and
cut about 12µm thick using a cryostat, and
mounted on glass slides coated with poly-L-
lysine (Sigma, St. Louis, Mo., USA).
The sections were incubated with a rabbit
antiserum to tyrosine hydroxylase (Eugene
Technology International, Allendale, N.J.,
USA) for 24 h at room temperature,
followed by incubation in goat biotinylated
anti-rabbit IgG and avidin-biotin-peroxidase
complex (Vector Laboratories, Burlingame,
Calif., USA) for 1 h at room temperature.
The antigen-antibody reaction sites were
made visible by incubating the sections with
diaminobenzidine tetrahydrochloride (DAB)
and 0.01% hydrogen peroxide in 2.5 mM
Tris-HCl buffer (pH 7.6) for 10 min at room
temperature. The specificity of the
immunohistochemical staining was
confirmed by replacing the primary
antiserum with a normal rabbit or mouse
serum and by using diluted antiserum pre-
treated with TH purified from the rat adrenal
gland (courtesy of Prof. H. Fujisawa,
Department of Biochemistry, Asahikawa
Medical College, Japan).
RESULTS
TH-immunoreactivity was demonstrated in
the mouse pancreas and the tissues that
stained positively included a few endocrine
cells in the islet of Langerhans and the nerve
fibers (Figure 1a). The TH-immunoreactive
cells were oval-round in shape and close
examination revealed that some of the
immunoreactive cells contained a dense
stained peripheral part and the central non-
staining zone (Figure 1b; c). The
immunopositive cells occupied different
positions in the islets; some were centrally
placed, others were in the intermediate
position and at the periphery of the islets.
More than 80% of the islets population
contained the TH immunoreactive cells. In
most cases the individual islets contained
between 3-10 immunoreactive cells and
rarely there were 1-2 immunopositive cells.
The TH immunoreactive cells frequently
united with each other via short cytoplasmic
processes (Figure 1b) and in some cases they
united to form a circle-like structure in the
islet of Langerhans (Figure 2b). The
immunoreactive cells did not appear to be
associated with TH immunoreacted nerve
fibers and there was no immunopositive
cells that were associated with the exocrine
pancreas, ganglion cells or that appeared in
the interstitial space of the gland. All
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immunoreactive cells were associated with the islets of Langerhans.
Figure 1 (a): Light micrographs of tyrosine hydroxylase (TH) immunoreactivity in the mouse
pancreas. a. Shows the section of the pancreas containing the portions of the
exocrine (E) and endocrine pancreas or islets of Langerhans (S). TH immunoreactive
endocrine cells (large arrowheads) were located in the islets of Langerhans (S). The
immunoreactive nerve fibers (small arrowheads) appeared to enter the islets (S).
x160
Figure 1(b): The micrograph shows the immunoreactive endocrine cells (large arrowheads) at the
periphery of the islet of Langerhans (S) and the immunoreactive nerve fibers (small
arrowheads). Note the presence of the exocrine pancreas (E) and the
immunonegative ganglion cells (asterisk) in the interstitial space. x240
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Figure 1(c): Shows the islet of Langerhans (S) containing the TH immunoreactive cells with
non-staining central part and deeply staining peripheral zone (open arrows). Other
imunoreactive cells stained homogenously (large arrowheads). Note the exocrine
pancreas (E) and the immunonegative ganglion cells (asterisk). x240
Figure 1(a): Light micrographs of tyrosine hydroxylase (TH) immunoreactivity in the mouse
pancreas. a. Shows the thick (thick arrows) and thin (thin arrows) immunoreactive
nerve fibers and the immunonegative ganglion cells (asterisk) in the interstitial
space of the pancreas. Note the immunoreactive fibers in the wall of blood vessels
(B). x160
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Figure (b): The photograph showing fine immunoreactive nerve fibers (small arrows) in the
exocrine pancreas and the immunopositive endocrine cells (arrowheads) in the islet
of Langerhans. x160
Figure (c): Shows the immunoreactive nerve fibers (small arrowheads) in the islet of
Langerhans (S) and in the exocrine (small arrows) pancreas (E). The
immunopositive nerve fibers were located around the blood vessel (B) and the
glandular duct (D). x160
The other TH immunoreactive elements of
the mice pancreas included the nerve fibers
(Figure 2). The interstitial space contained
numerous immunoreactive nerve fibers;
thick and thin nerve fibers were seen in
association with the exocrine and endocrine
pancreas and also in contact with the blood
vessels and glandular ducts (Figure 2a). The
thick TH immunoreactive nerve fibers were
seen to run parallel with the blood vessels
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and giving out thin immunoreactive fibers
that appeared to encircle the vascular wall
(Figure 2b). Some nerve fibers that were
associated with blood vessels appeared to
have varicosities. Numerous varicose nerve
fibers unassociated with blood vessels were
also in close association with the exocrine
pancreas and islets of Langerhans (Figure 2c;
d). The TH immunoreactive fibers appeared
in the peripheral and central parts of the
islets. No immunopositive ganglion cells
was associated with the immunoreactive
nerve fibers.
DISCUSSION
TH immunoreactive cells in the pancreas
show great variations among different
species. Observations made in the rat
pancreas indicated that TH immunoreactive
cells were the small intensely fluorescence
cells (SIF) that were located both in the
interstitial space c lose  t o  the
immunonegative ganglion cells and at the
periphery of the islets of Langerhans
(Oomori et al. 1994). In the cow and birds
the immunoreactive cells appeared to be the
ganglion cells (Oomori et a l . 1994,
Kitamura et al. 1999; Mensah-Brown et al.
2000). In the current study the TH
immunoreactive cells were the endocrine
cells and were randomly distributed within
the islets. The distribution pattern of the TH
imunoreactive cells in the mice islets points
to the possibility that it may influence the
physiology of the entire endocrine cell
population in the islet. Putting together the
current and previous findings it indicates
that the physiological activities of tyrosine
hydroxylase in the pancreas are differently
regulated in different animal species. The
unifying feature is  that the TH
immunoreactive cells appear to release TH.
It remains to be determined whether TH
secreted by the SIF, ganglion cells and
endocrine cells can have similar
physiological influence to the pancreas.
Variations in the TH regulation among
different animals are also seen during
development. Studies that have been made
during development reported TH
immunoreactivity in the epithelial cord of
the developing pancreas on day 11 and
during this time the TH immunoreactive
cells also co-expressed glucagons and
insulin (Teitelman et al. 1981). However, as
the pancreas matures the glucagons and
insulin secreting cells loose the TH
immunoreact ivi ty  and t h e  TH
immunoreactive cells remain as terminally
differentiated cells that do not express
glucagons or insulin (Teitelman et al.
1981). The authors suggested that the TH
immunopositive progenitor cells present
during early development may differentiate
into glucagons and insulin secreting cells of
the endocrine pancreas. The observation that
was done in the rat pancreas during
development indicated the presence of TH
immunoreactive cells in the endocrine cells,
but unlike in the mice pancreas these cells
did not express glucagons or insulin
(Hashimoto et al. 1988). This may indicate
that there may be differences in the ontogeny
of pancreas in these two rodent species.
Such findings call for more studies to
characterise the exact role of TH during
pancreatic development.
The TH immunoreactive fibers have been
described in the pancreatic tissue of many
species and in the rat the immunoreactive
fibers were seen to associate with blood
vessels, glandular ducts and the glandular
cells (Oomori et al. 1994). Similar findings
have been described in the current study; TH
immunopositive nerve fibers were seen to
associate with vessels and glandular cells.
These nerve fibers may be involved in the
regulation of blood flow and secretory
processes of both the exocrine and endocrine
glandular cells. TH immunoreactive fibers
are considered to be extrinsic in origin,
arising from the cell bodies in the celiac
ganglia (Beckman 1986). Observations made
in the rat have showed that neurones in the
celiac ganglia that innervate the pancreas are
immunopositive for TH (Hökfelt et al.
1977; Schultzberg et a l . 1979). TH
immunopositive nerve fibers are among the
many nerves that innervate the pancreas such
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as neuropeptide Y, galanin, substance P,
vasoactive intestinal peptide, methionine-
enkephalin, calcitoni gene related peptide
and serotonin and each appears to have its
own role (Kirchgessner and Pintar 1991;
Baltazar et al. 2000; Myojin et al. 2000). It
will be interesting in future to see how TH
interacts with the neuropeptides in the
regulation of the pancreatic cell physiology
and blood flow.
ACKNOWLEDGMENTS
I would like to thank staff of the department
of Cell biology and Functional Morphology
of the Iwate Medical University, Japan for
providing me with the antibodies.
REFERENCES
Baltazar ET, Kitamura N, Hondo E, Narreto
EC and Yamada J 2000 Galanin-like
immunoreactive endocrine cells in
bovine pancreas. J. Anat. 196: 285-291.
Beckman DE 1986 Anatomy of the
pancreas. In:GoVLW, Gardner JD,
Brooks FP, Lebenthal E, DiMagno EP,
Scheele GA, (eds) The exocrine pancreas:
biology, pathology and diseases. Raven
Press, New York, pp 1-8.
Fujita T, Kanno T and Kobayashi S 1988
The paraneuron. Springer-Verlag, Tokyo,
pp33-34.
Gesase AP and Satoh Y 2006 Morphology
of neuropeptide Y immunoreactive
ganglia in the mouse pancreas. It. J.
Anat. Embryol. 111(3):171-178.
Goehler LE and Sternini C 1991
Neuropeptide Y immunoreactivity in the
mammalian liver: pattern of innervation
and coexistence with tyrosine
hydroxylase immunoreactivity. Cell
Tissue Res. 265(2): 287-295.
Hashimoto T, Kawano H, Daikoku S,
Shima K, Taniguchi H and Baba S 1988
Transient coappearance of glucagons and
insulin in the progenitor cells of the rat
pancreatic islets. Anat. Embryol. 178(6):
489-497.
Hökfelt T, Elfvin LG, Elde R, Schultzberg
M, Goldstein M and Luft R 1977
Occur rence  o f  somatostatin-like
immunoreactivity in some peripheral
sympathetic noradrenergic neurons. Proc.
Natl. Acad. Sci. USA 74: 3587-3591.
Kirchgessner AL and Pintar JE 1991 Guinea
pig pancreatic ganglia: projections,
transmitter content, and the type-specific
localization of monoamine oxidase. J
Comp Neurol 305(4): 613-631.
Kitamura N, Mori Y, Hondo E, Baltazar ET
a n d  Y a m a d a  J  1 9 9 9  An
immunohistochemical survey of
catecholamine-synthesizing enzyme-
immunoreactive nerves and endocrine
cells in the bovine pancreas. Anat.
Histol. Embryol. 28(2): 81-84.
Levitt M, Spector S, Sjoerdsma A and
Udenfriend S 1965 Elucidation of the
rate-limiting step in norepinephrine
biosynthesis in the perfused guinea-pig
heart. J. Pharmacol. Exp. Ther. 148: 1-
8.
Mensah-Brown EPK and Pallot DJ 2000
P e p t i d e r g i c  a n d  aminergic
neurotransmitters of the exocrine
pancreas of the Houbara bustard
(Chlamydotis undulata). J. Morphol.
244: 23-29.
Mensah-Brown EPK, Bailey TA, Pallot DJ
and Garner A 2000 Peptidergic
hormones and neuropeptides, and
aminergic neurotransmitters of the
pancreatic islets of the Houbara bustard
(Chlamydotis undulata). J. Anat. 196:
233-241.
Milner TA 2004 Ultrastructural localization
o f  t y r o s i n e  hydroxylase
immunoreactivity in the rat diagonal
band of broca. J. Neurosci. Res. 30(3):
498-511.
Myojin T, Kitamura N, Hondo E, Baltazar
ET, Pearson GT and Yamada J 2000
Immunohistochemical localization of
neuropeptides in bovine pancreas. Anat.
Histol. Embryol. 29(3): 167-172.
Oomori Y, Iuchi H, Ishikawa K, Satoh Y
and Ono K 1994 Immunocytochemical
study of tyrosine hydroxylae and
d o p a m i n e  _ - h y d r o x y l a s e
immunoreactivities in the rat pancreas.
Histochemistry 101: 313-323.
Gesase and Satoh – Morphological features of tyrosine hydrolase immunoreacitve cells  …
16
Oomori Y, Okuno S, Fujisawa H and Ono
K 1991 Immunoelectron microscopic
study of tyrosine hydroxylase
immunoreactive nerve fibers and
ganglion cells in the rat adrenal gland.
Anat. Rec. 229: 407-414.
Persson-Sjogren S, Forsgren S and Taljedal
IB 1998 Expression of tyrosine
hydroxylase, calcitonin gene-related
peptide, substance P and protein gene
product 9.5 in mouse islets transplanted
under the kidney capsule. Neuropeptides
32(4): 307-318.
Salakij C, Watanabe T, Takahashi S,
Ohmori Y and Nagatsu I 1992
Immunohistochemical studies on the
intrinsic pancreatic nerves in the chicken.
J. Auton. Nerv. Syst. 40(2): 131-139.
Schultzberg M, Hökfelt T, Terenius L,
Elfvin LG, Lundberg JM, Brandt J, Elde
RP and Goldstein M 1979 Enkephalin
immunoreactive nerve fibers and cell
bodies in sympathetic ganglia of the
guinea-pig and rat. Neuroscience 4: 249-
270.
Sternini C and Brecha N 1985 Distribution
and colocalization of neuropeptide Y and
t y r o s i n e  h y d r o x y l a s e - l i k e
immunoreactivity in the guinea-pig
heart. Cell Tissue Res. 241(1): 93-102.
Teitelman G and Lee JK 1987 Cell lineage
analysis of pancreatic islet development:
glucagons and insulin cells arise from
catecholaminergic precursor present in
the pancreatic duct. Dev. Biol. 121(2):
454-466.
Teitelman G, Joh TH and Reis DJ 1981
Transformation of catecholaminergic
precursors into glucagons (A) cells in
mouse embryonic pancreas. Proc. Natl.
Acad. Sci. 78(8): 5225-5229.
Teitelman G, Lee JK and Reis DJ 1987
Differentiation of prospective mouse
pancreatic islet cells during development
in vitro and during regeneration. Dev.
Biol. 120(2): 425-433.
Zhang E-T, Mikkelsen JD and Moller M
1991 Tyrosine hydroxylase- and
neuropeptide Y-immunoreactive nerve
fibers in the pineal complex of untreated
rats and rats following removal of the
superior cervical ganglia. Cell Tissue
Res. 265(1): 63-71.
